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ABSTRACT

The purpose of this study was to determine the best discrimina-

tion technique for shallow earthquakes and pPresumed explosions occurring in

the NORSAR first zone (150 < A< 2000 km). Single-site instrument-corrected

NORSAR short-period data was used for the analysis. The three discriminants
investigated were: depth, phase energy ratios, and spectral splitting, The
depth discriminant requires more accurate epicenter locations for the smaller
events than is presently the case. The phase energy ratios appear to be an
effective discriminant, but the spectral splitting discriminant needs a broader

range of magnitudes before it can be evaluated.
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SECTION I
INTRODUCTION

In the past several years teleseismic signals from Eurasian
events have been studied extensively using data from seismic arrays around
the world., Sophisticated signal enhancement techniques have been developed
to lower the thresholds for detecting and discriminating small magnitude
events. However, many low magnitude events which cccur within the Eurasian
continent remain undetected simply because their signals are so weak at tele-
seismic distances that present processing techniques cannot extract them from

the noise,

Thus it is desirable to have detection and discrimination tech-
niques which are tailored to data from non-teleseismic events so that these

events can be used to lower the detection and discrimination thresholds.

The purpose of this study was to determine the parameters best
suited for distinguishing between shallow earthquakes and presumed underground
explosions occurring in Eurasia at less than teleseismic distances from the ob-
server, These discrimination parameters will be used for small magnitude
Eurasian events detected at small distances (most likely by only one station), :
Clearly, lowering the discrimination threshold, requires smaller distances :
just for event detection, Further, these near source seismograms contain

most of the information required for crustal studies,

In this study we are mainly concerned with the distance range
at which the primary wave (first arrival) is refracted horizontally below the
Mohorovicic discontinuity (Pn)., The distance range at which the Pn is the

first arrival has been found by Pasechnik (1970) to be A < 800 to 1200 km,
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which he terms 'first-zone', For the range of 1200 <4< 2000 km. ke terms the
second zone. Carder (1952), on the other hand, uses the term near-regional

for 150 < 4 <650 km. and regional for 650< 4 <1600 km. We use the terms first
zone and regional interchangeably throughout this report but meaning distances

within the general range of 150< 4 £2000 kn.

First-zone studies in Eurasia have been principally reported by
Pasechn'k (1970). He observed that both earthquakes and explosions from the
same region have the same phases and travel-times but that the dynamic char-
acteristics of the phases were different. His first-zone information is concerned

mainly with travel-times and phase identification,

First-zone studies from the Nevada Test Site, on the other hand,
are quite extensive, Because the epicenter locations and times were well known,
and a large data base was available for both earthquakes and explosions, the re-
sults of these studies have been used here to delineate the first-zone problem
areas and to decide on the more effective discrimination measurements. Some

of the first-zone problems of interest are the following:

& The first-zone seismograms are quite complex because of the
presence of many wave phases. These phases have only small
differences in theirtravel times,

» First-zone seismograms are highly dependent on local crustal
structure and thus the amplitude and travel-time curves are
variable,

°

Magnitude measurements in the first-zone have not been as
reliable or consistent as the corresponding teleseismic esti-

mates,

Three discriminants that appeared most promising for single

station first-zone discrimination were:

. Depth estimation - Use of possible depth phase travel-times,

1-2
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Phase energy and amplitude ratios - Explosions will presumably

generate less shear or surface wave energy than earthquakes.

L Spectral splitting - Source spectrum studies suggest spectral
differences between earthquakes and explosions of equivalent

magnitudes,

An accurate assessment of these discriminants requires that
broad-band data covering the spectrum of the event be used. The most con-
venient source providing data of this type was the NORSAR array. For this
report, NORSAR data from a single short-period site and a corresponding near-

by long-period site was used.

This report is arranged in the following manner: Section II deals
with the data base, Section III with processing and analysis, and Section IV con-

tains the pertinent conclusions and suggestions for future work,
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SECTION L.

DATA

The NORSAR array at Kjzller, Norway was chosen as the source
of first-zone data for a number of reasons. First, the array is situated close
to areas where presumed explosions have occurred The propagation path for
these signals is continental and the crustal properties in Scandinavia have been
studied in detail. As for the array itself, both high quality vertical component
short-period data and three component long-period digital data are produced.
The NORSAR Data Processing Center (NDPC) also publishes a bulletin of events

detected by the array, This bulletin reports many low magnitude regional events

which do not appear in the PDE bulletin,

These NORSAR data are obtained in two different ways. The
short-period data are ordered from the Norwegian Data Processing Center at
Kjellar, Norway and mailed to the Seismic Data Analysis Center (SDAC). Thus
an approximate, three month time lag exists between the data request and having
the short-period data on hand to process. All long-period data are transmitted
in real time via a trans-Atlantic communications link to the SDAC and recorded
there on magnetic tape. So these data were available immediately, However,
uncorrectable parity errors on the long-period data tapes resulted in having only
three events with usable long-period data. Other c.vents with usable short-period
and long-period data could not be received in time to include in this report, No

long-period data results are presented in this report due to the small amount of

long-period data,

A first-zone or regional event list was compiled from both the

PDE bulletin and the NORSAR bulletin for the period from June 1973 through

October 1973, The earthquakes were restricted to this time period due to the




previously mentioned ordering time and a six months data retention limit at
NORSAR. Twe carlier presumed explosions in September of 1971 and 1972
were available, however, and were included, Table II-1 lists these ten earth-
quakes and ten presumed explosions with their associated epicenter parameters.

Figure II-1 shows the location of these events relative to NORSAR.

The accuracy of the event parameter information in Table II-1
varies considerably between the source bulletins. The NOAA-PDE information
is usually quite reliable since many stations are used to determine epicentral
parameters and m values. The events listed on the NORSAR bulletin can have
location errors up to 160 km. and differ in my, value from the single instrument
in the array of up to 2.2 my units, These deviations are due to event location
by a single array station (NORSAR) and inaccurate regional m, estimates due
to NORSAR regional beamforming problems (Ringdal and Whitelaw, 1973), The
consequences of these problems in the NORSAR bulletin are discussed in the

following sections.
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TARBLE II-1

EVENT LIST AND PARAME TERS

Designation Date Origin Time Lat, Long, |Depth my,
1. WES/262/1IN | 9-1¢-71 11:00:06.8 | 57.8N 41. 1E | 0.0 4,5 i
2. KOL/248/07N | 9-0:-72 07:00:03.6 | 67.7N 33,4E a0 4.6 »
3. FIN*156*06S 6-05-73 06:29:35.0 | 61.0N 24,0E | 0.0 85 1 N
4. WRS*166%12N | 6-15-73 | 12:52:01.0 | s58.0N | 42.0E 33.0 | 32|
5. WRS*180%155 | 6-29-73 15:54:54,0 | 61.0N 29.0E | 0.0 B9 N
6. FIN/188/10S 7-07-73 16:51:25,0 | 60,0N 29.0E | 0.0 3.4 N
7. WRS#*222%12N | 8-10-73 12:54:00.0 | 61.0N 29.0E |33.0 2.8 N
8. WRS#*227%14S | 8-15-73 14:08:35,0 | 67, 0N 2% 0E | 0.0 3.5 N
9. NVZ/255/06N | 9-12-73 06:59:54.3 | 73.3N 55.2E | 0.0 6.8 P
10, NVZ/270/06N | 9-27-73 06:59:58.0 | 70, 8N 53.9E 0.0 6.0 P
11, WRS#*270%13S | 9-27-73 13:10:53,0 | 60.0N ¢9.0E 1 0,0 3.5 N
12, WRS/273/04N | 9-30-73 04:59:57.5 | 51.6N 54,6E | 0.0 5.2 R
13, NOR#*276%*12N | 10-03-73 12:06:40,0 | 70,0N 31.0E |[33.0 3,3 N
14, FIN*281%*12N 10-08-73 12:45:10,0 | 60.0N 29,0E {33,0 3: 8 N
15, NOR*#*293%14N | 10-20-73 I'4321:37.0 | 70, 0N 31,0 |33,0 8.2 N
16. URA/299/05N | 10-26-73 | 05:59:57.6 | 53.7N 55,4E | 0.0 4.8 P
17, NVZ/300/06N | 10-27-73 | 06:59:57.4 | 70.8N 54,2E | 0.0 6.9 =
18, NVZ/300/08N [ 10-27-73 | 08:03:56.3 | 70.8N 53.2E § 0.0 4,2 P
19. NVZ/300/0831{10-27-73 | 08:21:20.7 | 70.9N 52,9E | 0.0 4.4 P
20. NVZ/300/09N | 10-27-73 | 09:13:51.3 | 71.3N 51.9E | 0.0 4, 8 ®
Abbreviations:

* = Presumed explosions
P = NOAA-PDE Bulletin
N = NORSAR Bulletin
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SECTION III
PROCESSING AND ANALYSIS

A. PROCESSING

The raw NORSAR short-period data first were edited from the
library tapes from Norway. The edit procedure reformats the single sensor
time series, performs simple quality checks, and transfers the data to a
working tape. Because the edit program can handle a maximum of 192
seconds of data at a sample rate of 10 Hz, two edits of 192 seconds were
run on each event. The first started about twenty seconds before the expected
P arrival while the second edit adjoined the first so that 384.0 seconds of
contiguous data for each event was edited. Limiting our data samples to
384.0 seconds resuited in the loss of some of the later phases of the more
distant events. These distant events were included in our data ensemble to
determine the distance at which the first arrival is the teleseismic P-wave

rather than the Pn.

After editing, the data from the center sensor of the 22 sub-
arrays were plotted to check the noise characteristics of each subarray and
to determine which subarray had the best signal-to-noise ratio (SNR). The
dat~ generally was dominated by two-second period noise so a high-pass
filter, 0.9 to 5.0 Hz, was applied to remove it and a second filter was applied
to correct for instrument response. Figure III-1 is a plot of the instrument
response of the short-period system at NORSAR. With one exception, the

center sensor from subarray 4 was used for all subsequent analysis because

III-1
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for rnost of the events it had the largest SNR. For event 14, FIN#*281%*12 N,

the center sensor from subarray 14 was used because subarray 4 was inoperative.

1 The locations of the NORSAR subarrays are shown in Figure III-2.

Spectral splitting and phase energy ratio determinations were
made using the Seismoprint technique (Cohen, 1969). This technique displays
the power of a seismic signa) as a function of time and frequency. Tke technique
operates by computing successive power spectra from a set of overlapping
time gates in the data. The spectral power in each gate is normalized rela-
tive to the highest power in the entire set and then displays the resulting
spectra using two-dimensional printer plots with power coded by letters.

Figures III-3 and IlI-4 show exarnples of this output and the letter scales.

In addition, the Seismoprint computes the total power in each

time gate to use in the phase energy ratio discriminant, All Seismoprint

processing used a 32 point time gate (3. 2 seconds) and a time shift of 8 points

(75% overlap) which was considered optimum by Cohen (1969).

B. ANALYSIS

5 Phase Travel Time Curves
The P wave and S wave phases were chosen from a plot
of all the subarray sensors, so the continuity of the phase across the sub-
array could be seen. This prevents picking spurious phases on a single sensor.
The first arriving P wave was generally visible on these seismograms, but
the S wave was more difficult to identify since horizontal instruments wei1e

not available for determining shear motion with certainty.

Plots of the P wave and S wave arrival times using the pub-

lished epicenter times are shown in Figures III-5 and III-6 respectively.
Also, plotted on these figures are the Herrin (1968) travel-time curves for P

at zero depth (Figure III-5) and the Jeffrey-Bullen (JB)(1940) travel-time




501C (9)
.O
o o 002C (10)
(@] o (o]
® ©)
A 0 03C (11)
(@] ¢ ®
(@]
(@] (@]
0 o 14C(22)
® 04C (12
: 5 : (12)
5 o 1€ (20 oo | 0 e d
o ® 01B(2) _® O "02B (3) &
o o o 0
O O
S o O o ©
o o 07B (8) ® 05C (13
S © 03B (4) . s
(@]
O o
. o O1A (1)
Y2¢ (20 O
o o - ( ) o) " o o O
o 06B (7 © e
° o ) (7) o 06C (14)
° & % o ’
. 5 o e O0413(5)
o) o) o) o
011C (19) ®_ 9 .
° ° 5 6
- o0 B() N
010C (18) 0
o} Q °
50 0° e 08C (16) o  07C (15)
L a ® * e @ = ° o
(@]
" 20 km ' o © @ .
O09C(17)

o Short Period Sensor

e Short Period and 3-Component Long Period Sensor

FIGURE III-2
NORSAR ARRAY LOCATIONS

e —

1I-4

R T T EE——



......... P T T I I B BRI B
-....to'-.'-.—-—‘nnaoo-.o
..... Ol Sare @ 2 S0 e O 00 3 9ue s 1 (8] 181y
.......... G (o (0 dGh 8 @0EL 1 ) ey 6 SN SvaexiS) @)Y a@p-tINe

LI . v [N S}
'.oo.oo'.on-'oool—-...0...-9o.......-cco'-n'

-oo-o-o-oo-.0-0.n.....OOOQOOOOOQOOOOOrW.WU...O

——".-a.-.-.'v'.oo-..o.nQOOQOQOCULNQ,{—W..OO
no-.&oo-...o-o-.-....o...OQQOOQQQGWQUQW...O

-'n'............'...'.........'..kawnuww...

-8 dB
-10 dB
-12 dB
-14 dB

+ 8 Seconds

oooaoooooooooo.oooooo‘ooooooooocooooowacuooo m m m m
9.......'..............................hwh...' 6 8 O 2
.................I................cw.umuu...‘ $ $ -I—. cl-

oooooooooonoooocoooooooooooooooooooomcuamocoﬂ
o.lo.oco-oooooooooooooooooooocooooooQUUQPooo
ooooooooooooocoooooooooooooccooooocowuunu-.o
ooo-ooooooooooooooooooooooooooooooo.wmQWWQco

O........l..........................wmawm...

< -14 dB

Increasing Time —»
D
E
F =
G =

Power Scale
FIGURE III- 3

.....000.......0..........'..........mmo.... BBB
..-ooooooooooccoooooocoooococcococccoOUcooccc T T T
...................................wmu...... MH/“A-LI.W
..................O.................th..... m 0
....................................cmhw.... .mmtm
.....l..0..0.............-..............E.... a

- Rl

o-.ooo-oooo.-o-ou-o.-ooo-o.n.n..-o..o.;v.oo-

B
<%

(S Ty

23

> &

i

RR

x =

<

MN

& =

fz, K

fy, & n
o ©O -
TM =
2 b

mm

[£3}

O 3

B O

= =

L I o

x 0

o,

0 =

s w

2

ez

.‘...‘.-.. vy 32 8 LI 2 a2 3 S 33 4 8 3 Y 2 2 Y s b & LI B I

& a1 (@) (o) (@108 (8 W ams @k ¢ 3] kO NVIRR @) OF sliean 2 waf 21 b P T I R R ) ol v i uonn
L ] 1 L L. ¥ <m0
o (=] o o o

. . 0 . .

un <t o o —

zH ut Aouanbaaz g




® & & © 0o & 0o 2 ¢ 8 0@
s 0es s 0, e
o’a

Diya s A
D...'QHN»H‘...

sae deds

c o0
e ® 0 o9 O 0 0 0o
® o 9 00 0 0 00 0 0
*® o 000 000 000
LI B B 2K BN BN B BN BN BN J
* o9 009 O 0000
e 9 & 0600 00 0 o
* e % 00 0 9 00 0 o0
e 9 & ¢ 0 00 0 0 0 o
® o0 00 0 0 0 0 0
e ® 9 090 00 s o
e & ¢ o0 0 0 0 ¢ oo

v f ¢ ¢ ¢ e o8 t & e 4 0 ¢ 0 0 00 s 0o

e 6 ® 2t 1 s 0 C o 0o 0 e o0 00 0 00 0 00 00 2 e

‘aaa
....Q.......U..Umow.............-

.......”\..u.....-H-I.MNL.......C...-

scer e TGUdIdTIEDINTIILD O "
seccee 3L i Vuv¥ud***iQqd* 40" "
AR AN ERFRHEE T L I FD L EE I i R
ARV R T IE: E RS- (i c RARDEEE i
R TRt Po e Te i 1 i [ 4" xR ' A

-.~0-N\.u.cc"mc..m..w.OOOIOOOOOOOOQOO-

o-o-oo.‘.o.oo....ooooooooouwoooo.o

—o| l-— 8 Seconds

.........................cmo....c

l..o.oOOO'OOOMQJOWNI-UOOUNQNOO-o
.-oo-o-ooooo.w.wm.mcoooowu.utvanao.-oo
n-ooo-oooooOOODAWWWUO.OOKQQQWUO-o

'CQOOOQOOQOOO»L cmwn.-mmuu«mum.-.-

Q........................uomo.-.-

.....Q-..................cmmul.itqq

s e ¢ 00 & e 8 I..................-....k”mﬁu... LA |
------ T & s € ¢ ¢ @ 1 @& 8 ¢ ¢ & @

----- L] s s & . 4 t & = ¢« &~ 00 s @ ° r ¢ &

R : = omel oo b e ) of B e

i 4 . 4 4 5 P

| 3 T T T 1

o o o o o

zH ut Aouanbax g

- ajqe|ieae 1s2q
>nﬂo:3vw§vo.aoa

Increasing Time -—»

Power Scale

-8 dB
-10 dB
-12 dB
-14 dB

-6 to
-8 to

-10 to

D

Maximum

ot

E =

0 to -2dB
-2 to -4 dB
-4 to -6 dB

1

F =
G

B =

-12 to

C =

<-14 dB

FIGURE III-4

SEISMOPRINT OUTPUT OF FIRST ARRIVAL P AT

NORSAR SINGLE SITE FOR EVENT WES/262/11N

111-6




dVSYON 1LV
SLNIAA TVNOIDIY HOJ STAVM-d 4O SINIL-TIIAVIL

S-IIT F9NDIA

sI2j2wWoO[Ty Ul aoJue}si [eljuadidyg

nn_mm .u.chm 1 c_._u_...:

I i — 1 I L I — I Ll 1 I

suoned0T YVSHON ®

suonedoT A0 W

(*298)(0°01/V) - L sdwril-[aAB1] padnpay

-7




dVSYON LV
SINIAF TYNOIDIY 404d STAVM-S ¥Od SINIL-TIAVIL

9-III JYNOIA

SI19)9WOIIY Ul 9oueISIg [eIjuad1ddg

0002 00§ 1 0QOT -

61m

oz ™

| | | ! _ i | T

suoneso] IAd®

suoned0T YVSYON @

l

=1
o
(3]
'

I R ———

— 08~

— 0L~

]OAWI

— 06~

i
¥

I11-8

|
1
o
3
-] s2wl]-19ARI] p¥onpay

" Yaal

|
| I | | |
o o o o o
(32} N ~t —

(*298)s ¥/ V)

l
|
@
<+

1
T
o
Te}

|
o
O




:
|
:

curves for S at zero depth (Figure III-6). Note that these times are

'10.0 for P and T - -Z.—S—

plotted as reduced travel-times: T -

for S.

The NORSAR single site arrival times are independent of the

PDE bulletin parameters but are not independent of the NORSAR bulletin
parameters. ‘The NORSAR bulletin locations are made from a P wave
array beam (F. Ringdal personal communication), The event azimuth is
determined by the highest power beam and ihe event origin time and dis-
tance are made from the S minus P arrival times measured on the P
wave array beam (that is, the beam time shifted to correspond to the P
wave velocity). The single-site P wave and S wave picks should be the
same phases as those on the beam. Any differences would be due to the

analyst's judgment, or an error in measurement,

The P wave arrival time used to locate the event for the
NORSAR bulletin is listed in the bulletin for each event. The independently-
picked single-site P arrival time has been compared to this time and is
within four records of the array beam time so the same P phases are
being used. The exception is event 8 (Table II-1) which has a 20 second

difference and appears to be an error in the NORSAR bulletin,

The S wave arrival times are not listed in the NORSAR
bulletin but can be infered from the iravel-times and epicentral distances.
The picking of the S phase is the biggest difference between the array
beam and the single site. If the same phase had been used for the array
beam and the singl.: site, the arrival times on Figure IIi-6 would fall cn

or near the J B curve on Figure III-6.




All of the NOAA-PDE located events with the exception of
events 16, 18, 19 and 20 (sce Table II-1) fall on or within two seconds of
the Herrin (1968) curve on Figure III-5. This two second difference could
be an epicenter error of about 20 kilom=ters or a velocity error of 0.01
km. /sec. both of which are within the accuracy of the published error

ellipse,

Event 16 (Table II-1) has been located by PDE using 46

stations from many azimuths so that the large variance from the Herrin

(1968) curve is probably the result of picking a later phase on the single site.
The NORSAR bulletin lists an earlier P arrival time at that array which

corresponds closely to the expected P time for this event, but no such

phase was visible on any of the single site seismograms.

Events 17, 18, 19 and 20 (Table II-1) are all from the same
geophysical area. Event 17 was located by the PDE bulletin using 221 stations
from a wide azimuth, whereas the others used from 9 to 18 stations concen-

o
trated at azimuths from 40° to 360°., Event 17 has good location control

while the rest do not. In addition, most of the stations, including NORSAR,
used to locate events 18, 19 and 20 had the highest residual error in event
17 location. This residual error was as large as 6 seconds between the
time of the expected P and the actual P. Thus, the arrival times of the
events 18, 19 and 20 relative to the Herrin (1968) travel-times in Figure
III-5 2re probably due to epicenter location errors. These location errors
seriously affect most of the first zone measurements, all of which are de-

pendent in some manner on accurate locations and, derived from those,

accurate travel-time errors.




2. Estimation of Regional m,

The general inconsistency between the regional m, estimate
and the teleseismic estimate for the same event is well known. NOAA-PDE
» . 0 .
m, values computed using stations at A< 20 were routinely recomputed

b
omitting these close-in stations.

Because some discriminants are expected to be a function
of the magnitude (for example mb versus MS), a lack of consistency in
the mb values does aifect the value of these discriminants. Thus, an

important part of the first-zone study is to obtain reliable regional my

values which are consistent with the corresponding teleseismic mb's.

Table III-1 lists the event my measurements determined in this study from

a simple instrument at NORSAR and those reported by the NOAA-PDE and
NORSAR bulletins for the same event. The differences between the NORSAR

bulletin and the single instrument m, values (averaging about 0.46 m

b b

units) are indicative of the beamforming losses in the NORSAR beams for
regional events. The m, values for the single instrument are probably
more realistic; however, the single instrument mb values are often con-

siderably lower than those appearing in the NOAA-PDE bulletin.

Evernden (1967) has successfully corrected the high regional
my values observed for the NTS events to correspond to the teleseismic
m, measurements. The study by Evernden (1967) requires accurate regional
travel-times because each phase is separately normalized to the teleseismic

mb measurement. Upon accumulation of many reliable travel-times in the

first zone, a similar type correction will be made for this region.

III-11
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TABLE III-1
MAGNITUDE MEASUREMENTS FROM THREE SOURCES

Event NOAA-PDE NORSAR NORSAR
Number my, kk Beam my, Single-Site my

) 4.5 ND 4,31

2 4.6 ND 4,43

3 _ 3.1 4,05

4 - 3,2 4,21

5 u 3.5 3. 88

6 2 3. 4 3.90

7 - 3.3 3.93

8 - 3.5 3: 7%

9 * 6.8 ND 6. 50

10 * 6.0 ND 5.59

11 = 3.5 3.90

12 * 5.2 ND 5.19

g 13 : 33,3 ND

14 = 3.3 3.78

15 & 3.2 4,11

16 4.8 4,9 8. 29

17 * 6.9 ND 3. 45
18 * 4,2 3.4 3,46 {

19 * 4.4 3.1 3. 40

20 * 4.8 3.8 3.82

*% Recomputed using teleseismic m_ values only

b

* Presumed explosion

ND Not Detected

- No value given

ITI-12
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3% Discrimination

The three discriminants investigated in this report are depth,
phase energy ratio and spectral splitting. Although the data base is small,
a preliminary trial of these discriminants assists in evaluating the various

analysis techniques.
a. Depth

The classical depth determinators are the depth phases
such as pP and the S minus P travel-time differences. The depth phases
are most effective when used in conjunction with other stations because, for
example, the pP minus P travel-time difference should remain virtually
constant for a given event independent of epicentral distance. The use of
the S minus P time does not give a unique answer with the use of one
station for event location. That is, the event must be independently located
in time and space so the relatively earlier arrival times for deep events

can be utilized.

Ten events with phases visible near the expected S arrival
time were used to compute S minrs P times, These differences were
compared to the Jeffrey-Bullen (1940) predicted time differences for zero
depth and 33 km. depth., Table III-2 shows the results of this comparison
using the one or two phases from near the S arrival time., As seen in
Table III-2 only events KOL/248/07N (event 2) and NOR#*293%14N(event 15)
give results close to those expected. The reason for these variances is dve
to both location error and differences in § wave arrival time picks dis-

cussed in Subsection III-A.
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b. Phase Energy Ratios

Since earthquakes are generally the result of some sort of
faulting and explosions are a compressional source, it is expected that
earthquake signals will contain more shear and surface wave energy than
the explosion signals. The phase energy ratio discriminant is designed to

exploit this difference.

As discussed earlier, many of the individual phases were
not well identified., That being the case, the comparison of amplitudes and
averages between phases might be misleading so this initial study concen-
trated on gross differences between the two sources similar to that by

Booker and Mitrinovas (1964).

For this initial investigation, the short-period seismogram
was divided into three broad time frames to take advantage of the assumed
differences in earthquakes and explosions. These three time frames contain
predominately compressional wave energy, shear wave energy and surface
wave energy respectively and are based on the approximate measured

travel-time using the following velocity ranges:

P 8.6 km. /sec. to 5.0 km. /sec.
S 5.0 km. /sec. to 4.0 km. /sec.

Rg 4.0 km./sec. to 3.0 km. /sec.

The total power in each spectrum computed by the seismoprint program was
summea over the times corresponding to these velocity ranges, and the
ratios between them were computed. Because the short-period record

was limited to 384 seconds, the complete Lg phase for A > 150 was not

available and the complete S phase for A > 20° was also not available.




At first glance the separation in Figure III-7 appears excellent.
In fact, near A = 15, 50, a presumed explosion and an earthquake occurred
within one degree of one another and they are separated in P/S ratio of
aboutone order of magnitude. It also appears that the P/S ratio is a func-
tion of A for the earthquakes and perhaps a difrerent function exists for
the presumed explosions. Nevettheless, serious questions can be raised
about the validity of this discriminant without further data to support it.

r For example:

° The P wave amplitude variation (and thus the energy vari-
ation) versus distance is well known generally (Archambeau,
et al, 1969); however, the S wave amplitude or, in this
particular case, the vertical component of S is not well
documented. An assumption of a constant Poisson's ratio
and an effectively equal attenuation for P and S phases,
would make a P/S ratio constant with A but it appears not
to be the case for these data. Thus, the expected curves

are not known,

° It is not known how the magnitude of the event will affect
its position on the P/S coordinate, because at the lower
magnitudes the noise level energy will be an important por-
tion of the total energy. Obviously, for low SNR events the
P/S ratio should be equal to the ratio of the velocity window
lengths (in this case; 1.7) but at what SNR the P/S ratio

becomes distorted by noise is not presently known.

Regional earthquake measurements are strongly affected by
station-source crustal structure more so than are teleseismic measurements,

so that phase arrival times and amplitudes may be strongly dependent on

e TE——.
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azimuth, High-quality travel-time information for the various phases as
a clue to identifying the various geological provinces which may exist within
regional distances and which may require consideration of P/S ratios on

an azimuthal basis as well as distance.
c. Spectral Splitting

The spectral splitting discriminant is a ratio of the energy in

two frequency bands of, for exarnp.e, the P wave of an event. These bands

are chosen to emphasize the relatively greater high-frequency energy in the P

wave from an explosion as compared to an earthquake of equal magnitude.

This discriminant is applied on a routine basis at NORSAR for
teleseismic events using these baunds: 0,00 - 0,55 Hz, 0.55 - 1,50 Hz, and
1.50 - 5,00 Hz (Ringdal, 1973). These bands are not satisfactory for the
first zone for two reasons: First, the lower end of the band used in this
study, 0.90 Hz, used for noise rejection, eliminatesthe lowest band. Sec-
ondly, high frequency energy is less severelyattenuated at short distances
relative to the attenuation at teleseismic distances, so the 1,50 - 5,00 Hz
band may be too broad for /irst zone use, The emphasis in this preliminary

study was limited to deter nining the optimum frequency bands to use.

Figures III-3 and III-4 show the seismoprint output of the
P wave for an earthquake WRS*166%12N (event 4) and a presumed explosion

WES/262/11N (event 1), respectively. These two events are within one

degree of one another and differ in magnitude by 0,1 m_ units on the single

b

instrument (event 4 has an m, = 4.2 and event 1 has an m,_ = 4,3). A com-
pariscn of these two events shows the presumed explosion has a greater

percentage of higher frequency energy than the earthquake,
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From various theoretical source spectral considerations
the explosions should have the greater high frequency energy content com-
pared to the earthquakes of cquivalent magnitudes. The magnitude esti-
mates from the NORSAR beam and the NOAA-PDE bulletin are 1.3 m,
units apart. Since spectral ratios are expected to be a function of magni -

tude, these wide variations in magnitude estimates must be accounted for

before spectral bands are selected for spectral ratio investigations.
d. Crustal and Upper Mantle Considerations

Regional amplitudes and travel-times are dependent upon
the crust and upper mantle structure. Several regional crustal models
are available for the NORSAR region (Pasechnik, 1970; Anderson, 1971;
Belysevskii, 1973).

In this prelin:inary data set, two important observations
concerning the character of the seismograms can be made. First, the
absence of the Pg arrival (6.2 to 6,5 km/sec) at NORSAR is particularly
puzzling since all the crustal models indicate a granitic layer of approxi-
mate Pg velocity. Seccondly, the first arrival for event 16 (URA/299/05N)
reported in the NORSAR bulletin from the array beam is not visible on the
single instrument in spite of a good SNR for the remainder of the event.
Both of these observations will have to be explained. This will require a

wider range of distance, azimuth and magnitude events,
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SECTION 1V
CONCLUSIONS AND FUTURE PLANS

A, CONCLUSIONS

In general this investigation of regional events was hampered
both by the classical seismic problem of inaccurate epicenter location and

origin time, and by the larger estimates of m_using first zone data rather than

b
teleseismic data, Successful solutions to similar problems were developed in
the first-zone studies of the western United States and the Nevada test site, but
they were predicated upon having accurate travel time curves which presently
don't exist for the NORSAR first-zone., The PDE epicenter information appears
adequately accurate for most of the first-zone studies, but the same parameters

from the NORSAR bulletin are not satisfactory, These relatively poorer loce-

tion and origin time affect every portion of the analysis,

The small data base included here is sufficient to permit only a
trial of the various measurements considered, but these results do define the
problem areas. The lack of accurate travel-time curves prevents calibrating
the magnitude measurements so that they are consistent with corresponding
teleseismic estiinates, Further, the lack of positive S wave and depth phase

identification prevents any reliable estimation of depth.

The phase energy ratios appear to be effective discriminants

even for such broad velocity windows used here. The addition of similar dis-

criminants computed from long-period data should improve considerably their

effectiveness,

The spectral splitting discriminant will require more data from

earthquakes and explosions of similar magnitude before the most effective




spectral bands can be determined and the effectiveness of this discriminant can

be determined,

The absence of the Pg phase and the missing first arrival on
one event indicate potential problem areas in the constructing of travel-time

curves for the NORSAR first-zone area,

B, FUTURE PLANS

An event selection process has been set up so that in the future,
data for these events can be ordered from NORSAR on a regular basis. A pri-
mary goal of the analysis will be to use events with accurate origin times and
locations so that accurate travel-time curves can be constructed. Array beams
will be formed using S wave velocities to improve the signal-to-noise ratio of

the S wave and thus the reliability of their identification,

The development of travel-time curves for P, S, and possibly
other phases for the NORSAR region will allow a reformulation of first-zone

mb measurements which conform to teleseismic estimates.

As a check on the accuracy of the first-zone travel-times and to
permit the prediction of phases on the first-zone seismogram, a crustal model
will be developed using the calculated travel-times and incorporating the various

published crustal models into a unified crustal model of the NORSAR first-zone,
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